Introduction
Research conducted for the Water Research Commission and the National Research Foundation concerning geochemistry related risk factors, and health implications, within communal livestock production systems in selected communities, revealed a high number of potentially hazardous constituents to occur within both surface and subterranean water sources. As a consequence of this, livestock may, both indirectly and directly, pose significant toxicological risk to the health of humans, dependent on the nature of the association between humans and animals. Recent advances in identifying the role of inorganic constituents on the epidemiology of non-differential clinical symptoms commonly observed in both animals and livestock have led to an increase in efforts to measure and assess the potential risk posed by geochemistry related factors. Communities relying on livestock for subsistence, particularly those within localised areas, are most at risk from the adverse effects due to the ingestion of inorganic constituents which may precipitate toxicities, deficiencies, and/or imbalances. This paper presents initial phase investigation results, which indicate the high probablity for mulitple ingestion routes of hazardous inorganic constituents for humans and livestock.
Materials and Methods
Risk assessments based on hydrochemistry of both subterranean and surface waters, shared by both humans and livestock, were conducted in selected high risk communities. This paper presents the results from four main areas: Hartebeeslaagte Community, Barolong Resettlement area, Jericho district and Immerpan District. The first three areas fall within the North Western Province, although spatially and geological vastly different, whilst the Immerpan District is located in the Northern Province, adjacent to Delftzyl Agricultural Research Station. Water samples were collected according to methods prescribed by the Institute for Soil, Climate and Water (ISCW), and were analysed by the ISCW for 46 WQCs. Samples were collected from the point of use, although in many instances either directly from the borehole, or reservoir, usually as a result of drought and/or the discontinued use of a water source due to suspected adverse effects. For some samples mercury was not quantified, due to sample preservation techniques for nitrate and nitrite determination. Risk assessments for livestock were conducted utilising a software program developed for the Water Research Commission, CIRRA Version 1.03 (Casey et al., 1998) . For humans, risk assessments used local and international guidelines currently in use, including DWA&F (1996) , Quality of Water for Domestic Supplies (1998) , USEPA (1998) and the WHO (1996) . The main reason for using multiple guidelines was to obtain the full spectrum of inorganic constituents reported to influence human health. Relevant recommended mineral guideline ratios influencing main PHCs were also calculated.
Results and Discussion
Summaries of the results are shown in Tables 1 and 2. The following average As:Se ratio obtained in the Jericho region was 18.5, with a median value of 7.31 and a maximum value of 98.94 found. 
Discussion and Conclusion
Most advances made in applied investigations in mineral related deficiencies, toxicities or imbalances, have utilised purified diets (Underwood & Suttle, 1999) , and the recognition of the importance of site-specific geochemical factors in altering the level at which adverse effects appear, and the nature of those effects, although fairly recent, is growing (Mills,1996; WHO, 1996) . Concern for mineral toxicities is increasing (Underwood & Suttle, 1999) . A number of the trace minerals identified to be present at potentially hazardous concentrations include those identified as newer essential elements by Underwood & Suttle (1999) , namely, B, Cr, Ni, Mo, Sn and V. According to Plant et al., (1996) PHCs tend to have adverse effects at relatively low levels, and that all trace minerals are toxic if ingested at sufficiently high doses for sufficient periods of time, incorporating contextual toxicology. The communities investigated all rely on subsistence agriculture, and are at a greater risk of adverse effects due to trace mineral hazards (Plant et al., 1996) . A primary reason for this is that the rural production systems investigated do not have potential risk attenuated by food and water sourced from multiple sources. Furthermore, drought is a common occurrence in these areas, which tends to restrict food and water supply to a greater degree, and can amplify local anomalies in soil, plant and water composition. Site-specific factors which increase risk for both user groups include bioaccumulation, bioconcentration, a high prevalence of sensitive high-risk user groups, involuntary ingestion of soil, and environmental antagonists (altitude, temperature). The shared utilisation of the water sources in the areas investigated pose both modelling and ethical concerns relating to the formulation and application of alleviator treatments which involve water treatment. The correlations obtained for PHCs increase the risk present due to either a lack of beneficial systemic synergistic ratios between trace minerals, or ratios which aid in increasing the uptake from the digestive system of harmful constituents, or decrease tubular reabsorption of mitigatory constituents. Correlations between F, TDS, Ca, B, Mo, Sr and pH, all resulted in an increase in potential risk due to chronic fluorosis. A lack of desirable protective ratios was also found between As and Se, and Cu and Mo.
